Cardiovascular risk factors have been analyzed as part of a combined ethnographic, anthropometric, and medical study of 1390 adult subjects in defined populations representing six Solomon Islands Societies. The six societies, all at low levels of acculturation, differed in habitat, way of life, and exposure to Western civilization. Criteria for ranking the societies in respect to acculturation were developed based on demographic changes within defined populations, secular increase in adult height, length and intensity of contact with Western cultural influences, religious belief, education, availability of medical care, economy, and diet. The six tribal groups were ranked by these criteria as follows: (1) Nasioi, (2) Nagovisi, (3) Lau, (4) Baegu, (5) Aita, (6) Kwaio. Physical health and nutrition were good in all six groups, and clinical evidence of coronary heart disease and atherosclerosis was absent. Serum cholesterol levels were higher at almost all ages and both sexes in the three more acculturated than in the three less acculturated groups. Serum uric acid levels were lower in the more acculturated than in the less acculturated groups. Among adult males in all groups, systolic blood pressure showed no age-related trend while diastolic blood pressure declined with age in the three less acculturated groups. Among adult females systolic blood pressure increased significantly with age in the three more acculturated groups but showed no age trend in the less acculturated. Weight declined with age in all groups. Analysis of electrocardiograms by the Blackburn method showed striking absence of codable abnormalities in all groups and a lower frequency of most abnormalities associated with coronary disease than in any population previously reported.
W 7 HILE THE OCCURRENCE of atherosclerotic cardiovascular disease is worldwide in distribution, a number of societies have been described in which both the manifestations of atherosclerosis and its known antecedents appear to be strikingly absent. Examples of such societies include Melanesian tribes in New Guinea,' Polynesian residents of isolated makes it difficult to assess the importance of any individual influence.
The study reported here is an attempt to locate the earliest antecedents of cardiovascular disease in several Melanesian societies still living in traditional rural tribal groups, but beginning to change in differing ways and degrees in response to Western cultural influences.
Design of Study
The over-all purpose and design of the Harvard Solomon Islands Project have been described in detail elsewhere. 6, 17 Its goal is to examine interrelationships among culture, environment, human biology, and disease patterns in a variety of populations that differ in habitat, way of life, and exposure to Western civilization.
For each population selected for study, a cultural anthropologist first obtained detailed ethnographic data during a residence of 18 to 24 months with the group. Data so acquired, largely through the local language, included dietary, cultural, economic and demographic information, the establishment of biologic kinship and estimation of ages. No written birth records existed for most of the subjects. Ages estimated by painstaking "triangulation" against known dates are deemed by our ethnographers to be accurate to within two years for children and five years for adults. At the completion of his own research, the ethnographer remained or returned to assist in the biomedical survey.
The biomedical team was composed of six physicians (three internists, an ophthalmologist, a pediatrician, and a radiologist), a dentist, and five biological anthropologists. Four to six weeks were spent examining each group, in assembly-line fashion, using buildings of native construction, designed and built for the purpose and centrally located in the tribal area. Twenty-five to thirty-five subjects were examined a day, by families. The protocol included detailed anthropometric measurements, genetic observations, and somatotype photographs, physical and ophthalmological examinations, dental examination with casts of the teeth, a standard 12-lead electrocardiogram and a postero-anterior chest film. Blood samples were drawn for determination of hemoglobin, complete blood typing, malaria smears, cholesterol, uric acid, and antibodies. Except where tribal taboos prevented it, urine and stool samples were obtained, and in some subjects samples of hair, nails, and biopsies of skin were obtained. After other examinations were completed, intradermal tests for histoplasrnosis, M. tuberculosis, and the "atypical" mycobacteria were implanted and read 48 hours later.
Circulation. Volurne XLIX, Methods All physical examinations and blood pressure determinations on subjects aged 15 years and older were performed by a single observer (LBP) using a mercury manometer on the right arm, with the subject seated comfortably on a bench. A small percentage of observations were made with a recently calibrated aneroid manometer. Two or more independent readings were averaged. In analyzing diastolic pressures, phase IV of the Korotkoff sounds was used.
Blood samples drawn into vacutainers were centrifuged within an hour; serum was separated promptly and held at 5 to 10GC for periods up to seven days before being shipped on ice to the laboratory. Cholesterol and uric acid determinations were performed on all samples by a single laboratory using methods", 19 which remained unchanged throughout the study.* All the anthropometric measurements reported here were taken by one observer (AD). Standard 12-lead electrocardiograms were obtained on most subjects aged 15 years and older, using a Sanborn Visette instrument. The electrocardiograms were interpreted (RCM) and were coded by the method of Blackburn et al.`0 Study Subjects In all, 2586 persons, including 1390 adults aged 15 years and over in six different tribal societies were examined. The study groups were defined residentially, and effort was made to obtain the voluntary cooperation of 100% of residents in the designated hamlets. Participants received payment, in goods or cash, for time lost from their normal work. Medical and dental treatment were offered to all, regardless of participation.
Three of the societies lived on the island of Bougainville, Territory of Papua and New Guinea, and three on the island of Malaita, British Solomon Islands Protectorate (see map, fig. 1 .). Both islands, lying from 50 to 70 south of the equator, are volcanic in origin and tropical in climate with vear-round temperatures averaging 70 to 850F, and with high annual rainfall.
Bougainville's coastal plain has been settled by a small population of Europeans since 1885. The island saw heavy fighting during World War II, and was occupied at various times by both Japanese and American forces. After the war, the European census declined, remaining above the prewar figures,2' and has increased markedly with the development of a large copper mine since 1968.
Malaita was never occupied during World War II. European settlement has been and remains small. The native population, scattered among the hills and along the coast, was estimated at something over 50,000 in 1970.22 Few Europeans have visited the interior of the island.
Brief Ethnographic Sketches
The six tribes are presented below by island and within each island, by the date of study. For more ethnographic *This was the Clinical Pathology Laboratory (Dr. F. Neale, Director), Sydney Hospital, Sydney, Australia. In 1966, cholesterol determinations on the Nasioi and Kwais tribes were performed by Dr. B. Goldrick. We express here our gratitude to these colleagues. detail, the reader is referred to the publications of the several social anthropologists.23 28 All six tribes are Melanesian. Although important differences in acculturation were present, as detailed below, all were living in tribal villages in rural areas, where motor vehicles, electricity, and other Western conveniences were totally absent. Homes and buildings were constructed from local materials. Coconut was used in small quantities by all six groups but was not an important dietary item in any. Use of pipe tobacco was widespread among all age groups and both sexes in all six. Betel chewing was universal but generally moderate in quantity. Use of alcohol was negligible in all groups.
The Nasioi
The Nasioi, studied in 1966, lived in small villages in hills 10-15 miles from the coastal town of Kieta, in Eastern Bougainville. They had had continuous contact with European culture for over 80 years. Religion was Roman Catholic, and primary education was universal among the young. Economy was predominantly settled agriculture, with cash cultivation of coconuts and cocoa beans. Nasioi men worked intermittently for wages in European owned enterprises, chiefly plantations. Their dietary staple was sweet potato (Ipomoea Sp.), supplemented by purchased tinned meat, fish, rice, and bread. Salt was used regularly in cooking. Pigs and chickens were raised, but consumed only on festive occasions. Bananas and other fruits were also used. Malaria and yaws had been virtually eradicated in the area. Immunization and maternal and child care were available locally. Medical care in Kieta was accessible to the villages by footpaths and rough vehicular trails. The study group included 256 Nasioi, representing 91% of the defined sample.
The Nagovisi Studied in 1970, the Nagovisi lived in the inland coastal plain near Empress Augusta Bay, southwestern Bougainville. The area was occupied by Japanese forces early in World War I1, and the people suffered severe privation during this period. Contact with Western culture had been continuous since 1931.
Although remote from town, the area was accessible by a jeep road. Two Roman Catholic missions provided education and medical care. A cooperative store supplied Western dietary items and other goods. Economy, religion, and diet among the Nagovisi were similar to those described for the Nasioi. Most households consumed some kind of European food every other day, and many used such foods every day. Four hundred ninety-three persons, representing 96% of the defined sample, were examined.
The Aita
The Aita, studied in 1970, lived in small villages at an elevation of 3000 to 4000 feet on the slopes of Bougainville's highest mountain, in the North Central part of the island. Because of their remote location, at considerable distance Circulation, Volurne XLIX, June 1.974 from any road and accessible only at certain times of the year by steep and rigorous trails, they were little known until 1964. Since then there had been an influx of missionaries and government aid programs. Cannibalism had been suppressed, and most were nominally Christian, but the impact of religious change on local custom had been slight. Illiteracy was nearly universal. A medical aid station was staffed by a native dresser. In 1970, the Aita were swidden (slash and burn) farmers, beginning cash crop cultivation. Aita men had begun to travel out of the area to work as wage earners, mainly in the copper mine, and to sell handicraft. Their staple diet was taro (Xanthosoma sp. and Colocasia sp.) supplemented by sweet potato (Ipomoea sp.) greens, and fruit. The Aita did not raise pigs or chickens. Rice and tinned fish were brought in occasionally in small quantities. Salt was not used in cooking.
Four hundred sixty-seven persons, representing 92% of the defined sample, were examined.
The Kwaio
Studied in 1966, the Kwaio lived in scattered hamlets of 10-20 persons each in the rugged hilly terrain of East-Central Malaita. Contact with Europeans, begun 25 years before the study, was slight and intermittent. All subjects in the sample had retained traditional pagan religious beliefs and practices. Western education and medical care were virtually absent in 1966.
The Kwaio were swidden farmers, shifting their fields from year to year. Cloth, metal tools, tobacco, and fish were obtained through barter with coastal natives. Their diet was 85% sweet potato (Ipomoea sp.), supplemented by leafy vegetables with grubs, insects, and fresh water prawns used as relishes. Pigs were eaten only on ceremonial occasions, mainly by men. Salt was used rarely during ceremonial occasions. Twenty-eight men, asked when they had last eaten salt, gave a range from one week to one year, with a median of 18 weeks. European food was unavailable. Although young men typically worked on plantations elsewhere in the Solomons for two or more years, (a long-established custom), they reverted completely to traditional ways on their return.
During our study, the Kwaio were in the midst of an outbreak of severe respiratory disease later diagnosed from our serum samples as influenza A, Asian type. Because of illness, the 443 Kwaio examined represent only 78% of the residentially defined population, the lowest percentage among the six groups.
The Lau
Studied in 1968, the Lau lived on small artificial islands, one to two acres in area, in a large coastal lagoon in Northeast Malaita. The population density on these islands averaged 200 to 250 persons per acre (as great as any known human population), but there was unlimited space in the lagoon and on the mainland accessible by dugout canoe. Missions had been present in the lagoon for 50 years. However, the study subjects were all among the holdouts," living on islands sacred to pagan gods and retaining their traditional beliefs and practices. Education and medical care were available at the missions but were seldom sought by the pagans. The Lau were fisherman and obtained vegetables from gardens on the mainland and by trade with the neighboring Baegu. Some cash was generated by sale of shells and by jobbing with cooperatively owned boats. Their Circulation. Voltume XLIX, Jtne 1974 diet was 15% fish, the rest mainly taro, sweet potato, and greens, all cooked in copious amounts of sea water. Occasional pigs, shellfish, and nuts supplied additional protein. Some rice, tinned fish, and meat was purchased from trading ships. Four hundred forty-two persons, representing 95% of the defined population, were examined.
The Baegu
Studied in 1968, the Baegu lived near the coast in Northeastern Malaita, just inland from the Lau. Contact with missions and government representatives had been present intermittently among the Baegu for 25 years. Approximately two-fifths of the study subjects were nominally Christian, and the rest pagan. Primary education was available to Christian children. Medical care was available at a mission station approximately 15 miles away by trail and canoe. The Baegu were predominantly swidden farmers of taro and sweet potato, beginning to change to settled agriculture and cash-crop cultivation. Fish was obtained by trade with the Lau. Canned fish and meat were occasional dietary items. Salt was seldom used in cooking. Four hundred eighty-five persons, representing 95% of the defined population, were studied.
Results and Interpretations
Acculturation Cultural, demographic, and physical data have been used as a basis for ranking the six societies in respect to acculturation. Factors considered include evidence of demographic change within the defined populations, secular increase in adult height, length and intensity of contact with Western cultural influences, religious belief, education, availability of medical care, economy, and diet.
Demography
The demographic structures of each of the study samples, and of the United States are shown in figure 2. Demographically "young" societies characteristically show an increase in numbers of persons in the early decades of life, reflecting the effects of increased birth rates, reduced infant and child mortality, or both.'6 This pattern holds in five of the six societies. The Kwaio, the least acculturated, (see below) showed the least tendency toward this pattern, probably reflecting a continuing balance between moderate fertility and early mortality. The tall, narrow pyramid for the United States denotes an 'old" society with low birth and death rates.
Sectular Trend in Adult Height
Adult height of males and females in each age group is shown in table 1 for each of the six societies and a representative sample of the U.S. population. A secular change toward increasing height in successive generations reflects improvement in health, particularly nutrition, during growth.29 Among males, in- creasing height is observed in the Nasioi, and in the youngest decade of Nagovisi and Lau, but not in the Baegu, Aita, or Kwaio. Among females, it is present in the Nasioi, and the youngest Lau and Baegu, but not in the Nagovisi, Aita, or Kwaio. Absence of this trend in the Nagovisi females may reflect their severe privation during and following World War II.
Dietary Change and Salt Intake
Data on diet were obtained from several sources. In each society, observations on dietary habits over a period of 18 to 24 months were recorded by the cultural anthropologist. Where trade stores were present, records were kept of the quantity of foodstuffs sold over a six-month period, and the number of households served. To obtain data on utilization of salt, interviews based on recall were conducted. Random urine samples were collected for determination of sodium, potassium, and creatinine. Tribal taboos prevented collection of more than a few urine samples in the less acculturated groups, and timed urine collections could not be obtained. Based on all data available, our estimates of average daily salt intake for the six societies are as follows: Nasioi and Nagovisi 50-130 mEq; Lau 150-230 plus mEq; Aita and Baegu 10-30 mEq; Kwaio, less than 20 mEq (see table 2 ).
Acculturation Rank
Data on the duration and intensity of contact with Western influences, change in religion, education, availability of medical care, entry into cash economy, and dietary change have been reduced to ordinal scales. Table 2 summarizes data from all sources bearing on acculturation, and assigns rank and degree of acculturation for each of the six societies. By these criteria, the Nasioi, Nagovisi, and Lau display a greater degree of acculturation than the Baegu, Aita, and Kwaio. Data on habitat, subsistence, and salt in- Tables 3 and 4 summarize physical measurements in all six societies in comparison with a U.S. population sample.30 The Lau were heavier on the average than the other societies though below means for the U.S. sample in measurements reflecting body fat. Despite low protein intake, physical signs of malnutrition and protein starvation were virtually absent both in children and adults. A high prevalence of malaria in the Baegu and Kwaio is indicated by the high rates of enlarged spleens in children aged 2-9 years in these Table 3 Physical Characteristics in Six Societies-Males Aged 20 populations. Nevertheless, hemoglobin levels are normal in males, and in females only slightly low in the Baegu, whose mean value of 11.6 gm/100 ml equaled that of the Nagovisi females who have a low prevalence of splenomegaly. Abundant intestinal parasites were present in all groups whose stool samples were obtained. Physical fitness in all groups appeared excellent, judged by the ability of both males and females to carry heavy loads for many miles uphill.
Serum Cholesterol and Uric Acid Figure 3 shows means for serum cholesterol levels in relation to age for males and females in each of the six societies and a U.S. sample.3' The methods for cholesterol determination used in both studies give comparable results.32 In contrast to the U. S. rise with age, there was no clear age trend in cholesterol in the Solomon Islands societies. At almost all ages and both sexes, the three more acculturated populations had higher values than the three less acculturated ones.
It is noteworthy that among the less acculturated populations, serum cholesterol was highest among the younger members of the Aita tribe, who had had the most recent exposure to Western cultural influences and who were undergoing the most rapid rate of change.
Differences in the use of coconut have been correlated with serum cholesterol levels in Polynesian island dwellers.33 However, although all six Solomons populations used coconut, there were no large differences in the extent of use among the six, and it was not an important dietary staple in any. It is possi-ble that the introduction of animal fat in tinned meat and fish may partially or wholly explain the differences in cholesterol levels since in the absence of these items the traditional diet of root crops is extremely low in fat. Mean values for serum cholesterol and uric acid appear in table 5 . In relation to acculturation, reciprocal results are seen in the two determinations. The three more acculturated societies show higher cholesterol and lower uric acid levels, while the three less acculturated societies show lower cholesterol and 36, 37 However, where differences in acculturation are present, uric acid has usually been found increasing together with cholesterol in the acculturated societies. 36' 38, 39 An exception is the study of Jeremy and Rhodes,`0 who found the serum uric acid levels higher in primitive New Guinea villagers than in people of similar origin who had been town dwellers for 12 years or more. Their observations thus parallel our own, suggesting that a reduction in uric acid level occurs at an early stage of acculturation.
The use of alcohol was negligible in all six groups and may therefore be excluded from consideration. Jeremy and Rhodes40 attribute the high serum uric acid of New Guinea villagers living on sweet potato to their habitually low sodium intake. When salt was added to the sweet potato, uric acid levels of their subjects fell. Although the mechanism of this effect is obscure, it could provide an explanation for the differences noted among the Solomon islanders, whose basic diet was similar to that of the New Guinea villagers. Presumably, a secondary rise in serum uric acid would be anticipated at a later stage of acculturation, as diets richer in animal fat, protein, and possibly alcohol are adopted, and indeed, such seems to be the case in New Guinea.40
Blood Pressure
Mean blood pressure is shown in relation to age for all six societies for males in figure 4 and for females in figure 5 . For both males and females, the Lau had highest systolic and diastolic pressures at almost all ages.
The statistically significant coefficients of correlation of blood pressure on age are shown in table 6 . An increase in systolic pressure with age was present in females in the three more acculturated societies. No significant age trend in systolic pressure was present in males. However, diastolic pressure fell with age among males in the three less acculturated societies. Diastolic pressure also declined with age in Nagovisi males.
Weight was negatively correlated with age in all groups studied (table 6), a relationship that was strong among females. In view of this, the positive correlation of systolic blood pressure with age among the more acculturated females cannot be attributed to weight gain. This observation is reinforced by the independence of weight and systolic pressure in these groups. A similar discrepancy of weight and blood pressure with age is rarely found in advanced societies. Among the males both weight and diastolic blood pressure decline with age in all six groups. The most definite age-related decline in diastolic pressure was found in the three less acculturated groups. Table 7 shows the percentages of subjects in each group with blood pressure in excess of 140 systolic and 90 diastolic. The figures of 7.8% and 9.9% for the male and female Lau are substantially greater than for any of the other societies.
Studies reported from many different parts of the world have documented the absence of a rise in blood pressure with age among primitive populations living be shown statistically not to be zero (P < 0.05) are in isolation.`9 In some of these populations a significant decline of both systolic and diastolic pressure has been found in the older age groups.', 5 In previously reported studies, detailed cultural and demographic data have often been lacking, and the ages and state of health of the subjects have been uncertain. It has been suggested that the failure of blood pressure to rise with age may be due to chronic disease and malnutrition,4`the normal rise emerging as health and nutrition improve. The Baegu, Aita, and Kwaio populations of the Solomon Islands represent further examples of "low blood pressure" populations. However in these groups nutrition, physique, and physical fitness appeared to be good. Malaria was prevalent in the Baegu and to a smaller extent in the Kwaio, but was uncommon in the Aita. Hemoglobin values in all three groups resembled those of the three more acculturated populations. These findings contradict the hypothesis that low blood pressure in Solomon Islanders is due to poor health.
Electrocardiographic Findings
The most striking finding among the electrocardiograms from these six Solomon Islands population groups was the lack of significant abnormality, particularly in those items usually associated with coronary heart disease. Table 8 lists the number and prevalence of codable items found among the combined adults in all six population groups. Tables which  include the obtained upon request. * The over-all prevalence of codable items was strikingly low, with the exception of high voltage R-waves (item 111-1), among males and of T-wave abnormalities (item V) among females. Table 9 provides a comparison of the prevalence of ECG findings among the entire study population of Solomon Islanders with similar prevalence data from recently reported studies of North American populations. The H group, who are religious isolates, are included for comparison since this Caucasian population shows a high prevalence of R waves similar to the Solomons sample. An alternate method of comparison is presented in table 10 which lists the prevalence of certain ECG findings commonly associated with coronary heart disease among 40-59-year-old males in the Solomon Islands group and in various other populations throughout the world.42 The Gau43 and Tukisenta44 populations represent the only two other Melanesian groups from which ECG findings are available. It is of interest to note that the prevalence of abnormalities among these populations is also low, albeit not as low as among the Solomon Islanders. Only one of the 1267 tracings from the Solomons sample contained large Q waves (item-I-1), which are *See NAPS document 02360 for 6 pages of supplementarv material. Order from ASIS/NAPS, c/o Microfiche Publications, 305 E. 46th Street, New York, New York 10017. Remit in advance for each NAPS accession number, $1.50 for microfiche or $5.00 for photocopies up to 30 pages, 15 cents for each additional page. Make checks pavable to Microfiche Publications. strongly suggestive of myocardial infarction. This was obtained from an Aita female in the 60-69-year-age group. Over-all prevalence of Q items was very low in the entire population. In fact, we were unable to find any comparable populations with a lower prevalence of Q wave items as determined by the criteria of Blackburn et al., although the studies reported from Ushibuka, Japan,42 demonstrated a prevalence among [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] year old males which was almost as low (table 10) . The prevalence of left axis deviation (item 11-1) was also low, but much more striking was the lack of ST segment depression (item IV). Only 0.3% of males and 0.5% of females demonstrated these findings, as compared with rates of 2.1-13.7% in recent American studies (table 9) . T-wave abnormalities (item V) were rare among Solomon Islands males, but not among females. In both groups, almost all codable T-wave items occurred because of T inversion in the right precordial leads (table 11) Solomon Islands females is not clear, but its major significance lies in the fact that this change contributes most heavily to the number of codable Twave items observed in the females. Of 90 codable Twave items found in the entire population, only-three involved leads V5 and V6. Thus, it is unlikely that the prevalence of T-wave items in these subjects is related to coronary heart disease or left ventricular hypertrophy.
High voltage R waves in the left precordial leads were found most frequently in the Nasioi males (rate 51.6%) and to a lesser extent among Kwaio (17.3%) and Nagovisi (16.5%) males. The rates for the Aita, Baegu, and Lau males (3.0%, 6.8%, and 3.3%, respectively) were comparable to those found in the population of Tecumseh, Michigan.49
The reason for the high prevalence of tall R-waves in the Nasioi is not clear, but the fact that the females as well as the males have R waves which are taller than those in the other Solomon Islands populations studies suggests that it may be a genetic trait. There was a significant positive correlation of R wave voltage (RV5) with both systolic and diastolic pressure (r = 0.40; P < 0.001) in this group although only 3.5% of Nasioi males showed blood pressures in excess of 140 systolic and 90 diastolic. Similar correlations of R wave voltage with age have been noted in other populations.50' However, the lack of significant systolic or diastolic hypertension in the Nasioi makes it most unlikely that the tall R waves noted here are an expression of hypertensive hypertrophy as has been suggested to be the case among certain Caucasian population groups. 52 A high prevalence of high amplitude R-waves was found among young males of the H group in Western North America by Goldbarg et al. 53 (40.5% in 16-19- year-old males). This prevalence decreased rather markedly with age and was thought to be associated with the heavy physical work performed by these persons. The R wave voltage also decreased with age in the Nasioi males. Although we have no concrete measure of physical activity in the Solomon Islands groups, it is unlikely that physical activity can account for the high prevalence of increased R wave voltage among the young Nasioi males since most of the heavier physical labor was performed by the women, an activity pattern which was also present in the other five groups. Therefore, we are left with the possibility that the high R wave voltage in the left chest leads of the Nasioi also represents a genetic trait.
Discussion
In analyzing the data obtained from the six Solomon Islands societies, many different correlations were tested in an attempt to relate physical and cultural differences to the observed changes in cholesterol, uric acid, and intrapopulation trends in blood pressure in relation to age.
When independently developed indices of acculturation were used to compare the different societies (table 2), a number of clear differences emerged between the more and the less acculturated groups.
Our data suggest that the failure of blood pressure to rise with age may be biologically normal, and that with acculturation, a constellation of changes is entrained, which include an increase in serum cholesterol, a reduction in serum uric acid, and an age-related rise in blood pressure, which expresses itself earliest, and most noticeably in the females. Data from several parts of the world suggest that the blood pressure change is a general phenomenon, not confined to the Solomon Islanders. Among Melanesians in New Guinea, Maddocks' found that three primitive groups of villagers showed declining blood pressure with age. By contrast, in the town dwellers near Port Moresby, blood pressure rose with age, and the steepest increase was in the systolic pressure of females. Prior and Grimley-Evans3 found blood pressure rising steeply with age in both males and females in the acculturated town dwellers of Roratonga, whereas in less acculturated Pukapuka, the only trend noted was some increase in systolic pressure in females. Abbie and Schroder reported similar trends among Australian aborigines.9 Glanville and Geerdink54 examined Amerindians of Surinam after six years of "jarring contact with outside influences." They found systolic pressure rising with age among women, while it remained level in men.
Further evidence that acculturation may initiate the age-related rise in blood pressure may be adduced from surveys conducted among the Kisii of Uganda over a period of 40 years. Donnison55 studied a sample of 893 of these people, and reported in 1929 that blood pressure fell with age. A similar, but not identical sample studied by Williams in the late 1930s showed blood pressure neither rising nor falling with age. 56 People of the same area, by now fairly acculturated, were recently studied by Shaper, who reported, in 1969, that blood pressure rose with age as steeply as in any Western society. 57 If, as suggested here, the process of acculturation is associated with biologic changes which lead to the development of risk factors for cardiovascular disease, it is obviously important to identify the factors common to those societies in which these changes occur and absent from those in which they do not. For the Solomon Islands populations, which were all at fairly low levels of acculturation, several factors, commonly present in changing societies, can be excluded. All six societies lacked motor vehicles and developed roads. Thus patterns of locomotion and physical activity remained unchanged. Similarly telephones, electricity, industrial and household equipment, noise, pollution, and smog were all absent. Some changes in tribal custom had occurred where Christianity had replaced pagan belief, but social and family roles had remained essentially unchanged. Entry into the cash economy and wage earning employment may have introduced stresses which are difficult to assess, but these activities were confined to males, who showed less change, at least in blood pressure, than females.
Crowded living conditions were present among the Lau, who lived on small artificial islands. However, even on these islands, space was partitioned into segments, with a sacred area restricted to men, and an area for women to occupy during menses, in addition to the densely crowded area for family life. Both men and women left the islands during the day to engage in activities such as gardening and fishing in the surrounding uncrowded lagoon and mainland. Crowding among the Lau is the traditional mode of life58 and is voluntary. A similar pattern of voluntary crowding has been reported in the ! Kung of Botswana," where blood pressure remains low throughout life.
The most constant change among the more acculturated Solomon Islands populations, not shared by the less acculturated, was the adoption of Western dietary items, especially salt, tinned meat and fish and rice. Data presented in tables 3 and 4 do not suggest that this change had had any consistent effect on body weight or other indices of body fat such as ponderal index and skinfold measurements. Heaviest were the Lau (third in rank of acculturation) and next to them the Aita (fifth in rank). Further, as shown in table 6, in all three societies which show rising pressure with age, weight decreases with age.
Suspicion thus falls most heavily on salt intake, which was substantially greater in all of the more acculturated groups. Of particular interest in this connection are the Lau, who because of the custom of cooking vegetables in sea water had by far the highest salt intake of any group. The Lau exhibited the highest systolic and diastolic blood pressures in both sexes and nearly all age groups of the six societies. Our findings are thus consistent with the hypothesis of Dahl60 that the level of blood pressure in populations may be correlated with sodium intake. Shaper41 has also noted that "low pressure" populations are "low salt" populations.
Public health reports indicate that clinical coronary heart disease and atherosclerosis are very rare in the Solomon Islands. Although not an index of systemic atherosclerosis, retinal examinations conducted by the same ophthalmologist (D. L. Verlee) in all six Solomons societies showed a striking absence of retinal arteriosclerotic changes even in the elderly. A preliminary report of these findings has been published.6"
The over-all low prevalence of codable ECG items is consistent with an almost total lack of coronary heart disease in these subjects. Thus, even among the more acculturated groups which are beginning to exhibit biologic changes which may lead to the development of risk factors for cardiovascular disease, these changes have not been translated into evidence of coronary heart disease. The observed differences among these groups may represent the earliest antecedents of cardiovascular disease in emerging peoples. It will be of considerable interest to report studies as further cultural changes evolve in these societies.
